the enzyme DpnII, produced by another strain of D. pneumoniae, recognizes the same sequence, but is inhibited by this same methylated base.
The significance of the occurrence of modified nucleotides in eukaryotic DNA is not as yet understood, although a relationship between modification and gene expression has been proposed by several workers (Waalwijk & Flavell, 1978; Bird et al., 1979) . By using appropriate restriction endonucleases a simple method can be used in order to probe and map the location of such modified nucleotides (Bird & Southern, 1978) . Several pairs of restriction endonucleases would be useful for this purpose: MboI (GATC) (Gelinas et al., 1977) and Sau3A (GATC) (Sussenbach et al., 1976) , HpaII (CCGG) (Mann & Smith, 1977; Garfin & Goodman, 1974) and MspI ( C t G G ) (Waalwijk & Flavell, 1978) ; EcoRII [CC(A/T)GGl and BstI IC8(A/T)GGl (J. Brooks, personal communication) . Each of these pairs of restriction endonucleases could be used to investigate the modification pattern present within a genome.
Two recent additions to the pentanucleotide class of restriction enzymes are DdeI from Desuyovibrio desulfuricans (R. A. Macula & R. Meagher, unpublished work) and Fnu4HI from Fusobacterium nucleatum 4H (Leung et al., 1979) . The recognition sites of enzymes DdeI (CTNAG) and Fnu4HI (GCNGC) are similar, owing to the degeneracy present in the central nucleotide of the recognition sites. These two enzymes, along with HinfI (GANTC) and AsuI (GGNCC), constitute a class of restriction endonucleases which may be useful in identifying specific portions of structural genes.
The DdeI enzyme also provides an example of the newer methods for the determination of recognition sites. A computerassisted strategy which results in a unique and small number of predictions for the recognition sequence of Type-I1 enzymes has been expanded to include enzymes which recognize degenerate sequences. Their use has led to the elucidation of two new recognition sequences: enzymes XhoII (RGATCY) and DdeI (CTNAG).
The hexanucleotide group of endonucleases contains three new enzymes: AcvI (GRCGYC) from Anabaena cylindrica (DeWaard et al., 1978), SphI (GCATGC) from Streptomyces phaeochromogenes (Fuchs et al., 1980) , and XmaIII (CGGCCG) from Xanthomonas maloacearum (Kunkel et al., 1979) . These and other enzymes belonging to the hexanucleotide group of restriction endonucleases are useful in constructing recombinant DNA molecules.
Finally, a strategy which makes use of the varied specificities of each of the restriction endonucleases listed in Table 1 has been developed for the purpose of checking the accuracy of newly derived primary DNA sequences. Restriction endonucleases are widely used in the study of the physical structure of DNA molecules, and in the genetic manipulation of DNA molecules in vitro. They also provided interesting and useful model systems for the study of protein-DNA interactions. A knowledge of the DNA sequence that is recognized by a restriction endonuclease, and of the structure of the termini of the DNA fragments, is essential to the prediction of the uses to which the enzyme may be put.
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Class-I1 restriction endonucleases recognize a specific sequence or a family of related sequences in DNA, and specifically cleave DNA within or near that recognition sequence. The DNA fragments produced will have identical termini only if the enzyme recognizes a unique sequence in DNA and cleaves within that sequence. Endonucleases that cleave within a family of related sequences or cleave away from their recognition sequence will generate DNA fragments with non-identical termini. The relationship between the cleavage sites in each strand of duplex DNA is not the same for all restriction endonucleases, and the DNA fragments produced may have fully base-paired termini, or may have 5' or 3' single-stranded extensions. All class-I1 restriction endonucleases so far examined cleave DNA to generate 5'-phosphoryl and 3'-hydroxyl termini, Many of the methods used to determine the recognition and cleavage specificities of class41 restriction endonucleases have depended on ["Plphosphate end-labelling of a population of DNA fragments produced by cleavakt. with the restriction endonuclease, and analysis of 3ZP-labelled oligonucleotides produced by non-specific endonucleolytic cleavage of the end-labelled fragments (see Roberts, 1976) . Different endlabelling methods must be used for restriction endonucleases which cleave to give 5'-or 3'-terminal extensions; and end-labelling methods are of limited use for enzymes which cleave DNA away from their recognition sequence, as the terminal sequences of the DNA fragments are not related to the recognition sequence of the enzyme. Computer methods are available for predicting the recognition sequences of class-I1 restriction endonucleases, in which the cleavage pattern of the enzyme on a fully sequenced DNA molecule is determined, and is used to predict the recognition sequence. Such methods give no information on the cleavage specificity of the enzyme and on the type of DNA fragment termini produced. A method has been described whereby individual cleavage sites of any class-I1 restriction endonuclease can be sequenced, and the recognition sequence can be predicted from the analysis of several cleavage sites (Brown & Smith, 1977) . This method has subsequently been modified (Brown & Smith, 1980) for use in conjunction with the chemical method (Maxam & Gilbert, 1977) or the chain-termination method (Sanger et al., 1977) for DNA sequence analysis. However, the method requires reasonably large amounts of DNA (approx. 5 pmol). and requires that 586th MEETING, BRISTOL the cleavage sites of the test restriction endonuclease be mapped on the DNA molecule. As several cleavage sites must be sequenced, these sequences may have to be determined from more than one DNA species. We have recently modified the method in order to increase its rapidity, to lessen the amount of DNA required, and to obviate the requirement for mapping the cleavage sites of the test enzyme.
The modficd method utilizes the single-stranded DNA bacteriophage M13mp2 in the cloning system of Messing & Gronenborn (1978) . Plasmid or bacteriophage DNA molecules containing one or more cleavage sites for the test restriction endonuclease were identified, and were cleaved with another restriction endonuclease (e.g. HaeIII) to generate small DNA fragments. Synthetic self-complementary octanucleotide 'linker' molecules containing the endonuclease EcoRI recognition sequence were covalently attached to the fragment termini by using DNA ligase. The ligation products were then cleaved with endonuclease EcoRI to generate S'-tetranucleotide extensions at the fragment termini. The preparation was then divided, and half was retained (sample A), while the remainder was cleaved with the test restriction endonuclease (sample B). The two samples were then analysed in parallel by polyacrylamide-gel electrophoresis, and those fragments containing one or more sites for the test restriction endonuclease were identified in sample A by the disappearance of the corresponding fragment from sample B. Fragments in sample A containing a site for the test restriction endonuclease were eluted from the gel. These were ligated into the single EcoRI-specific site of bacteriophage-M 13mp2 replicative-form DNA, and recombinants were selected as described by Messing & Gronenborn (1978) . Singlestranded DNA was prepared from the recombinant bacteriophage and was used as template for DNA sequence analysis by the chain-termination method (Schreier & Cortese, 1979) and for location of the test restrictioncndonuclease cleavage site (Brown & Smith, 1980) . This modified method proves to be simple and rapid, and should be generally applicable to the sequence analysis of recognition and cleavage sites for class-I1 restriction endonucleases.
We have determined the recognition and cleavage specificity of the enzyme HgiAI from Herpetosiphon giganteus HP 1023 to be: Brown el al., 1980) . where the enzyme recognition sequence shows partial twofold rotational symmetry, but the second and fifth base-pairs in the sequence are A T base-pairs in either orientation. The corresponding family of sequences containing 0 C base-pairs at the second and fifth positions is not cleaved by enzyme HgiAI. The mechanism whereby enzyme HgiAI recognizes the specific sequence in DNA is of interest, as the enzyme must discriminate between A T and G . C base-pairs in either orientation. Several possible mechanisms for the recognition exist. These include the enzyme recognizing the presence of the 5-methyl group of thymine in one of two positions (depending on the orientation of the base pair) in the major groove of B-DNA, or it recognizing the absence of the 2-amino group of guanine in the minor groove. This latter group lies at approximately the same position relative to the deoxyribose moieties irrespective of the orientation of the G -C basepair in B-DNA, and A *T base-paus lack a similar polar group. Recent crystallographic studies have shown that sequencedependent perturbations from the B-DNA structure may occur in DNA (e.g. Klug et al., 1979) , and it is possible that enzyme HgiAI recognizes such structural perturbations. Further structural and kinetic studies are required to determine the interactions that occur between endonuclease HgiAI and DNA. Knowledge of the recognition and cleavage specificity of a restriction endonuclease allows the prediction of possible uses for the enzyme, but may not in itself indicate the practical usefulness of the enzyme. For example, the recognition and cleavage sites of endonuclease HgaI were determined to be:
This enzyme could be used to generate fragments of a DNA molecule in which each fragment has unique 5'-pentanucleotide extensions, and it was postulated that these fragments could be ligated in a unique manner to regenerate the original DNA molecule (Brown & Smith, 1977 No enzyme can be infinitely specific for a single substrate, for if an enzyme can catalyse a reaction at a particular chemical bond on one substrate, then it will also have some activity against a similar substrate which possesses that same chemical bond but otherwise has a slightly different structure. Thus, although the EmRI restriction endonuclease appears under the appropriate conditions to cleave duplex DNA exclusively at its recognition Vol. 8 site, 5'-G-A-A-T-T-C-3', this enzyme must also possess some activity against other DNA sequences. The ability of the EcoRI restriction enzyme to discriminate between its recognition site on DNA and other nucleotide sequences can be measured by comparing its reactivity (k-JK,,,) against DNA molecules that either contain or lack the base sequence of the recognition site. In such comparisons, the EcoRI enzyme had a reactivity towards its recognition site that was at least 3 x lo7 times higher than that at alternative sequences. No other single enzyme activity has been described to date where the discrimination between structurally similar substrates is as high as the above
